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Synthesis and Fungicidal Activity of a-Terpinene-Maleimide-Based
Acylhydrazone Derivatives
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Abstract a-Pinene was converted into a-terpinene by Wagner-Meerwein rearrangement under catalysis of protonic acid,
followed by Diels-Alder cycloaddtion reaction of a-terpinene with maleic anhydride to obtain a-terpinene-maleic anhydride
(3). Then, N-amino-a-terpinene-maleimide (4) was prepared by the reaction of compound 3 with hydrazine hydrate. Seventeen
novel a-terpinene-maleimide-based acylhydrazones 5a~5q were synthesized by the reaction of compound 4 with substituted
phenyl aldehydes under catalysis of glacial acetic acid. The synthetic conditions were investigated preliminarily. The target
compounds were characterized by means of elemental analysis, "H NMR, *C NMR, LC-MS and FT-IR techniques. The pre-
liminary bioassay showed that most of the title compounds exhibited a certain fungicidal activity, in which 4-hydroxyl-3-
methoxyphenyl-a-terpinene-maleimide-based acylhydrazone (Sn) had inhibition rates of 91%, 83.3% and 76.7% against Phy-
salospora piricola, Cercospora rachidicola, and Alternaria solani, respectively, at the concentration of 50 mg/L.

Keywords a-pinene; N-amino-a-terpinene-maleimide; a-terpinene-maleimide-based acylhydrazone; synthesis; fungicidal
activity
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Scheme 1
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o- i 0 B ORI I (4). A EK, PR 72%. mup.
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146~147 °C; 'H NMR (CDCl;, 600 MHz) J: 5.95 (d, J=
8.5 Hz, 1H, C*-H), 5.87 (d, J=8.5 Hz, 1H, C'-H), 4.22 (s,
2H, NH,), 2.93 (d, J=7.7 Hz, 1H, C*-H), 2.49~2.66 (m,
2H, C-H, C'-H), 1.38~1.55 (m, 5H, C'-H, C’-H,
C'"-H,), 1.21~1.38 (m, 2H, C’-H,, C'°-Hy), 1.10 (d, J=
6.8 Hz, 3H, C"-H), 0.97 (d, J=7.0 Hz, 3H, C'*-H); "°C
NMR (CDCLs, 150 MHz) &: 174.2, 173.8, 136.3, 135.5,
48.8, 45.0, 43.6, 36.8, 34.2,29.6, 22.9, 22.6, 18.4, 16.8; IR
(KBr) v: 3302, 3144, 3035, 2964, 2869, 1764, 1709, 1453,
1355 cm™'; MS (ESI) m/z: 248 (IM]"). Anal. calcd for
CxHyeN,O5: C 67.71, H 8.12, N 11.28; found C 67.86, H
8.10, N 11.31.

1.4 BURFEE-o-iE G D KRBT REBAR LS 5 /Y
=304

FE= R, BN N-S -0 15 a1 25 ok ok
W H(2.98 g, 12.0 mmol) FHUAT I HI [ (10.0 mmol), %1
30 mL /K S, WET4iHE, FHEE 80 C, FFARTNvK
LR 3 mL, XM 8 h. TLC FRES N BRA TG, 51k
N, Z&HEF, AR IR 25 8 1K UE 2~3 k. DL
SR LA BEME AT AL 2 AT 52 4l, SR )5 50%~95% &
LK &5 5 Je 19 2 H bR =),

2- AR - - IS L AT Y S T T (Sa): ]
1, P7E 76%. m.p. 111~113 C; "H NMR (CDCls, 600
MHz) 6: 9.33 (d, J=2.6 Hz, 1H, C">-H), 8.09~8.15 (m,
1H, C¢Hy), 7.41~7.49 (m, 1H, C¢H,), 7.16~7.22 (m, 1H,
CeHy), 7.06~7.12 (m, 1H, C¢H,), 6.05 (dd, J=8.5, 4.4 Hz,
1H, C*-H), 5.97 (dd, J=8.4, 4.3 Hz, 1H, C’-H), 3.05 (dd,
J=8.1, 3.4 Hz, 1H, C-H), 2.61~2.71 (m, 2H, C’-H,
C'-H), 1.50~1.57 (m, 4H, C'*-H, C’-H,), 1.43~1.50 (m,
1H, C'°-H,), 1.33~1.40 (m, 1H, C’-Hy), 1.26~1.33 (m,
1H, C'""-Hy), 1.13 (dd, J=6.7, 4.7 Hz, 3H, C"-H), 1.00
(dd, J=6.9, 4.5 Hz, 3H, C"*-H); *C NMR (CDCl;, 150
MHz) §: 173.5, 173.1, 162.4, 155.0, 136.5, 135.7, 133.7,
127.5, 124.5, 1212, 115.9, 48.7, 45.0, 43.9, 37.2, 34.3,
29.6,22.9, 22.6, 18.4, 16.8; IR (KBr) v: 3050, 2961, 1771,
1713, 1611, 1317 cm™'; MS (ESI) m/z: 355.2 ((M+H]").
Anal. caled for CyH,FN,O,: C 71.17, H 6.54, N 7.90;
found C 70.92, H 6.52, N 7.93.

AR AR -0 T A L S IR IV JHe R IR L (Sb): - 1 Bl
1K, 7% 83%. m.p. 108~109 C; "H NMR (CDCls, 600
MHz) §: 9.01 (s, 1H, C'"*-H), 7.82 (dd, J=8.7, 5.5 Hz, 2H,
CeHy), 7.11 (t, J=8.6 Hz, 2H, C¢Hy), 6.04 (d, J=8.5 Hz,
1H, C*-H), 5.96 (d, J=8.5 Hz, 1H, C’-H), 3.04 (d, J=8.1
Hz, 1H, C*-H), 2.61~2.69 (m, 2H, C>-H, C''-H), 1.51~
1.56 (m, 4H, C'*-H, C°-H,), 1.45~1.50 (m, 1H, C'*-Hy),
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1.34~1.40 (m, 1H, C*-H,), 1.27~1.33 (m, 1H, C'*-Hy),
1.13 (d, J=6.8 Hz, 3H, C"-H), 1.0 (d, J=7.0 Hz, 3H,
C"-H); "C NMR (CDCl;, 150 MHz) ¢: 173.6, 173.2,
165.6, 160.4, 136.5, 135.7, 130.8, 129.5, 116.1, 48.7, 45.0,
43.9,37.2, 34.3, 29.7, 22.9, 22.6, 18.4, 16.9; IR (KBr) v:
3039, 2962, 1769, 1707, 1601, 1509, 1330, 844 cm'; MS
(ESI) m/z: 377.2 ((M+Na]"). Anal. caled for CyHy;F-
N,O,: C 71.17, H 6.54, N 7.90; found C 71.32, H 6.52, N
7.88.

2- SR o it I G SR T I R IE IR (Se): 1 [
&, P7# 59.5%. m.p. 136~137 C; '"H NMR (CDCl;,
600 MHz) §: 9.57 (s, 1H, C"*-H), 8.18 (d, /=8.5 Hz, 1H,
CeHy), 7.41~7.37 (m, 2H, C¢Hy), 7.29~7.32 (m, 1H,
CeHy), 6.06 (d, J=8.5 Hz, 1H, C*-H), 5.98 (d, J=8.5 Hz,
1H, C’-H), 3.05 (d, J=8.1 Hz, 1H, C*-H), 2.64~2.72 (m,
2H, C’-H, C'"-H), 1.52~1.57 (m, 4H, C"“-H, C’-H,),
1.45~1.50 (m, 1H, C'°-H,), 1.34~1.40 (m, 1H, C°’-H,),
127~1.33 (m, 1H, C'"-Hy), 1.14 (d, J=6.8 Hz, 3H,
C"-H), 1.01 (d, J=6.9 Hz, 3H, C'*-H); "C NMR (CDCl;,
150 MHz) §: 173.6, 173.1, 157.7, 136.5, 135.9, 135.8,
132.7, 131.0, 129.9, 128.1, 127.1, 48.6, 45.0, 43.9, 37.2,
34.3,29.6, 22.9, 22.6, 18.4, 16.9; IR (KBr) v: 3090, 3030,
2958, 2869, 1768, 1724, 1587, 1468, 1373, 1322, 759
cm 'y MS (ESI) m/z: 371.2 ((IM-+H]"). Anal. calcd for
C11H,;CIN,O,: C 68.01, H 6.25, N 7.55; found C 68.23, H
6.27,N 7.57.

4- SR F - - i 0 L SR BV & FE B (Sd): £ ]
1K, =% 58%. m.p. 153~154 ‘C; "H NMR (CDCls, 600
MHz) d: 9.06 (s, 1H, C">-H), 7.76 (d, J=8.5 Hz, 2H,
CeHy), 7.40 (d, J=8.5 Hz, 2H, C¢Hy), 6.04 (d, J=8.5 Hz,
1H, C*-H), 5.96 (d, J=8.5 Hz, 1H, C’-H), 3.04 (d, J=8.1
Hz, 1H, C*-H), 2.61~2.69 (m, 2H, C>-H, C'"-H), 1.51~
1.56 (m, 4H, C'*-H, C’-H,), 1.44~1.50 (m, 1H, C'°-H,),
1.34~1.40 (m, 1H, C*-H,), 1.27~1.33 (m, 1H, C'*-Hy),
1.13 (d, J=6.8 Hz, 3H, C"”-H), 1.0 (d, J=7.0 Hz, 3H,
C'>-H); “C NMR (CDCl;, 150 MHz) o: 173.6, 173.2,
159.9, 138.1, 136.5, 135.7, 131.7, 129.8, 129.1, 48.6, 44.9,
43.9, 37.2, 34.3, 29.6, 22.9, 22.6, 18.4, 16.8; IR (KBr) v:
3039, 2962, 1769, 1711, 1596, 1322, 821 cm™'; MS (ESI)
m/z: 371.1 ((M+H]"). Anal. caled for C,;H,;CIN,O,: C
68.01, H 6.25, N 7.55; found C 68.25, H 6.23, N 7.53.

2- YRR o it I G SR TR I BRIV (Se): 1 £ [
&, P7% 95%. m.p. 144~146 C; "H NMR (CDCl;, 600
MHz) 6: 9.55 (s, 1H, C"-H), 8.17 (d, J=7.8 Hz, 1H,
CeHy), 7.59 (d, J=7.9 Hz, 1H, C¢H,), 7.35 (t, J=7.5 Hz,
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1H, C¢Hy), 7.30 (t, J=7.6 Hz, 1H, C¢Hy), 6.06 (d, J=8.5
Hz, 1H, C*-H), 5.97 (d, J=8.5 Hz, 1H, C"-H), 3.05 (d, J=
8.1 Hz, 1H, C-H), 2.65~2.73 (m, 2H, C’-H, C'-H),
1.52~1.57 (m, 4H, C'*-H, C’-H,), 1.45~1.51 (m, 1H,
C'"-Hy), 1.34~1.40 (m, 1H, C°-Hy), 1.27~1.33 (m, 1H,
C'""-Hy), 1.14 (d, J=6.7 Hz, 3H, C"-H), 1.01 (d, J=7.0
Hz, 3H, C'*-H); “C NMR (CDCl;, 150 MHz) o: 173.6,
173.2, 159.9, 136.5, 135.8, 133.1, 132.9, 132.5, 128.5,
127.6, 125.9, 48.6, 45.0, 43.9, 37.2, 34.4, 29.6, 22.9, 22.6,
18.4, 16.9; IR (KBr) v: 3041, 2957, 2869, 1771, 1723,
1590, 1465, 1321, 800, 759 cm™'; MS (ESI) m/z: 437.2
([M+Na]+). Anal. caled for C,;H,;BrN,O,: C 60.73, H
5.58, N 6.74; found C 60.55, H 5.59, N 6.76.

4- YRR K -0l ot A5 1 SR TG P i BRI I (5): 1 (T
1, P7% 93%. m.p. 192~193 C; "H NMR (CDCls, 600
MHz) d: 9.06 (s, 1H, C">-H), 7.68 (d, J=8.5 Hz, 2H,
CeHy), 7.56 (d, J=8.5 Hz, 2H, C¢H,), 6.03 (s, 1H, C*-H),
5.97 (s, 1H, C’-H), 3.04 (d, J=8.1 Hz, 1H, C*-H), 2.65 (d,
J=8.2 Hz, 2H, C’-H, C""-H), 1.51~1.56 (m, 4H, C"*-H,
C°-H,), 1.44~1.50 (m, 1H, C'°-H,), 1.34~1.40 (m, 1H,
C°-Hy), 1.27~1.33 (m, 1H, C'°-H,), 1.13 (d, J=6.8 Hz,
3H, C"-H), 1.0 (d, J=6.9 Hz, 3H, C'*-H); *C NMR
(CDCls, 150 MHz) §: 173.6, 173.2, 160.0, 136.5, 135.7,
1322, 132.0, 129.9, 126.6, 48.6, 44.9, 43.9, 37.2, 34.3,
29.6,22.9,22.6, 18.4, 16.8; IR (KBr) v: 3083, 3048, 2959,
2869, 1769, 1709, 1587, 1320 cm™'; MS (ESI) m/z: 472.1
([M+Na]+). Anal. caled for C,;H»;BrN,O,: C 60.73, H
5.58, N 6.74; found C 60.53, H 5.59, N 6.76.

2B LA o il s 5 SR IRV S R RN (Sg): Ve
i g, 7% 87%. m.p. 173~174 ‘C; '"H NMR (CDCls,
600 MHz) J: 9.72 (s, 1H, C"-H), 8.20 (d, J=7.8 Hz, 1H,
C¢Hy), 8.08 (d, J=8.2 Hz, 1H, C¢Hy), 7.70 (t, J=7.6 Hz,
1H, C¢Hy), 7.61~7.64 (m, 1H, C¢H,), 6.06 (d, J=8.5 Hz,
1H, C*-H), 5.98 (d, J=8.5 Hz, 1H, C’-H), 3.07 (d, J=8.2
Hz, 1H, C*-H), 2.62~2.70 (m, 2H, C>-H, C''-H), 1.52~
1.57 (m, 4H, C'*-H, C’-H,), 1.46~1.51 (m, 1H, C'°-H,),
1.34~1.40 (m, 1H, C*-H,), 1.28~1.34 (m, 1H, C'°-Hy),
1.13 (d, J=6.8 Hz, 3H, C"-H), 1.01 (d, J=6.9 Hz, 3H,
C"-H); “C NMR (CDCl;, 150 MHz) 6: 173.4, 173.0,
156.7, 148.8, 136.5, 135.8, 133.7, 131.8, 129.5, 128.7,
124.7, 48.7, 45.0, 44.0, 37.2, 34.3, 29.6, 22.9, 22.6, 18.4,
16.9; IR (KBr) v: 3039, 2958, 2871, 1770, 1710, 1608,
1345, 852, 745 cm '; MS (ESI) m/z: 380.0 ((M—H]).
Anal. calcd for C,Hy3N3;O0,4: C 66.13, H 6.08, N 11.02;
found C 66.25, H 6.06, N 11.05.
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3 T - - it s R I Y e B I (Sh):
44, P73 93%. m.p. 140~141 C; '"H NMR (CDCl;,
600 MHz) J: 9.31 (s, 1H, C"-H), 8.62 (s, 1H, C¢H,),
8.30~8.33 (m, 1H, C¢Hy), 8.19 (d, J=7.7 Hz, 1H, C¢H,),
7.62 (t, J=8.0 Hz, 1H, C¢H,), 6.05 (d, J=8.5 Hz, 1H,
C*-H), 5.97 (d, J=8.5 Hz, 1H, C’-H), 3.07 (d, J=8.2 Hz,
1H, C*-H), 2.69 (d, J=8.2 Hz, 1H, C>-H), 2.61~2.68 (m,
1H, C'"'-H), 1.53~1.58 (m, 4H, C'*-H, C’-H,), 1.46~1.52
(m, 1H, C'""-H,), 1.35~1.41 (m, 1H, C*-H,), 1.29~1.34
(m, 1H, C'°-Hy), 1.14 (d, J=6.8 Hz, 3H, C'*-H), 1.01 (d,
J=6.9 Hz, 3H, C"”-H); *C NMR (CDCl;, 150 MHz) o:
173.5, 173.1, 157.7, 148.6, 136.5, 135.8, 135.2, 133.6,
129.8, 126.1, 123.4, 48.7, 45.0, 44.0, 37.2, 34.3, 29.7, 23.0,
22.6, 18.4, 16.8; IR (KBr) v: 3092, 3039, 2964, 2875,
1773, 1698, 1532, 1324, 816, 736 cm '; MS (ESI) m/z:
382.2 ([M—|—H]+). Anal. caled for C,H,3N30,4: C 66.13, H
6.08, N 11.02; found C 65.97, H 6.09, N 11.05.

A DR - T it I A i FE I MR (Si): 1 £
4K, 7% 90%. m.p. 188~190 ‘C; 'H NMR (CDCl,,
600 MHz) §: 9.37 (s, 1H, C"*-H), 8.27 (d, /=8.9 Hz, 2H,
CeHy), 7.99 (d, J=8.9 Hz, 2H, C¢H,), 6.05 (d, J=8.5 Hz,
1H, C%-H), 5.97 (d, J=8.5 Hz, 1H, C’-H), 3.07 (d, J=8.2
Hz, 1H, C*-H), 2.69 (d, J=8.2 Hz, 1H, C*-H), 2.61~2.67
(m, 1H, C''-H), 1.53~1.58 (m, 4H, C'*-H, C’-H,), 1.46~
1.52 (m, 1H, C'°-H,), 1.35~1.41 (m, 1H, C’-Hy), 1.29~
1.34 (m, 1H, C'°-Hy), 1.14 (d, J=6.8 Hz, 3H, C"*-H), 1.01
(d, J=7.0 Hz, 3H, C'>-H); *C NMR (CDCl;, 150 MHz) ¢:
173.6, 173.2, 157.1, 149.6, 139.3, 136.6, 135.8, 129.2,
123.9, 48.7, 45.0, 44.0, 37.2, 34.3, 29.7, 23.0, 22.6, 18.4,
16.8; IR (KBr) v: 3039, 1762, 1713, 1585, 1524, 1319, 845
em '; MS (ESI) m/z: 382.2 ((M+H]"). Anal. caled for
CHy3N;04: C 66.13, H 6.08, N 11.02; found C 66.29, H
6.10, N 11.06.

2- F AR R - - ot A4 0 A O N e B e (53): F
AR, 773 79%. m.p. 173~175 °C; '"H NMR (CDCl;,
600 MHz) J: 9.29 (s, 1H, C'">-H), 8.10 (dd, J=7.8, 1.7 Hz,
1H, C¢Hy), 7.41~7.45 (m, 1H, C¢Hy), 6.98 (t, J=7.6 Hz,
1H, C¢Hy), 6.90 (d, J=8.3 Hz, 1H, C¢H,), 6.05 (d, J=8.5
Hz, 1H, C*-H), 5.97 (d, J=8.5 Hz, 1H, C’-H), 3.86 (s, 3H,
OCH,), 3.03 (d, J=8.1 Hz, 1H, C*-H), 2.65~2.73 (m, 1H,
C''-H), 2.64 (d, J=8.1 Hz, 1H, C’-H), 1.50~1.56 (m, 4H,
C'"-H, C°-H,), 1.44~1.50 (m, 1H, C'°-H,), 1.33~1.39 (m,
1H, C*-H,), 1.26~1.32 (m, 1H, C'°-Hy), 1.13 (d, J=6.8
Hz, 3H, C"*-H), 1.0 (d, J=7.0 Hz, 3H, C'*-H); *C NMR
(CDCls, 150 MHz) &: 173.6, 173.2, 159.2, 158.8, 136.5,
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135.7, 133.5, 127.4, 121.6, 120.8, 111.0, 55.6, 48.7, 45.0,
43.9, 37.1, 34.4, 29.6, 22.9, 22.7, 18.4, 16.9; IR (KBr) v:
3030, 2963, 1769, 1703, 1596, 1321, 763 cm™'; MS (ESI)
m/z: 367.2 ((IM+H]"). Anal. caled for C,HyN,05: C
72.11,H7.15,N 7.64; found C 71.98, H 7.17, N 7.67.

3- AR R -0 i it A4 0 A TG MV i HE IR (SK): TG
RETEBAR, 775 77%. '"H NMR (CDCl;, 600 MHz) o:
8.97 (s, 1H, C"°-H), 7.41 (d, J=2.8 Hz, 1H, C¢H,), 7.31~
7.32 (m, 2H, C¢Hy), 7.0~7.03 (m, 1H, CsH,), 6.04 (d, J=
8.5 Hz, 1H, C%-H), 5.96 (d, J=8.5 Hz, 1H, C’-H), 3.83 (s,
3H, OCHj3), 3.03 (d, J=8.1 Hz, 1H, C*-H), 2.61~2.69 (m,
2H, C°-H, C'"-H), 1.50~1.55 (m, 4H, C"“-H, C’-H,),
1.43~1.49 (m, 1H, C'°-H,), 1.32~1.38 (m, 1H, C’-Hy),
125~131 (m, 1H, C'"-Hy), 1.12 (d, J=6.8 Hz, 3H,
C"-H), 1.0 (d, J=7.0 Hz, 3H, C"-H); *C NMR (CDCl;,
150 MHz) d: 173.6, 173.2, 161.9, 159.8, 136.4, 135.7,
134.5, 129.7, 122.1, 119.0, 111.6, 55.4, 48.6, 44.9, 43.9,
37.1, 34.3, 29.6, 22.9, 22.6, 18.4, 16.8; IR (KBr) v: 3030,
2963, 1769, 1703, 1596, 1321, 763 cm™'; MS (ESI) m/z:
389.2 ((M-+Na]"). Anal. caled for C,,H,,N,O5: C 72.11, H
7.15,N 7.64; found C 71.98, H 7.17, N 7.67.

4- A AU R B -0 M il 05 15 A TG IV i JE I (SD): 1
AR, 7% 92%. mp. 113~114 °C; "H NMR (CDCl;,
600 MHz) o: 8.85 (s, 1H, C"-H), 7.75~7.78 (m, 2H,
CeHy), 6.91~6.94 (m, 2H, C¢H,), 6.04 (d, J=8.5 Hz, 1H,
C*-H), 5.96 (d, J=8.4 Hz, 1H, C’-H), 3.85 (s, 3H, OCHj,),
3.03 (d, J=8.1 Hz, 1H, C*-H), 2.62~2.70 (m, 2H, C*-H,
C'"-H), 1.50~1.55 (m, 4H, C'*-H, C°-H,), 1.44~1.49 (m,
1H, C"°-H,), 1.33~1.39 (m, 1H, C’-Hy), 1.27~1.33 (m,
1H, C'""-Hy), 1.13 (d, J=6.8 Hz, 3H, C'*-H), 1.0 (d, J=6.9
Hz, 3H, C"”-H); C NMR (CDCl;, 150 MHz) o: 173.7,
173.3, 162.8, 162.1, 136.4, 135.7, 130.5, 125.7, 114.2,
55.4, 48.7, 45.0, 43.9, 37.1, 34.3, 29.6, 22.9, 22.6, 18.4,
16.9; IR (KBr) v: 3039, 2955, 1770, 1703, 1605, 1566,
1515, 1328, 831 ecm'; MS (ESI) m/z: 367.2 ((M+H]").
Anal. calcd for C,yHN,O;: C 72.11, H 7.15, N 7.64;
found C 71.99, H 7.17, N 7.65.

4-FR LRI - - (I G SR RS T (Sm): 1
[WA4E, 773 54%. m.p.>250 °C; 'H NMR (DMSO-d, 600
MHz) 6: 10.26 (s, 1H, OH), 8.54 (s, 1H, C">-H), 7.67 (d,
J=8.7 Hz, 2 H, C¢H,), 6.87 (d, J=8.6 Hz, 2H, C¢H,), 6.02
(d, J=8.5 Hz, 1H, C*-H), 5.93 (d, J=8.4 Hz, 1H, C’-H),
3.09 (d, J=8.0 Hz, 1H, C’-H), 2.74 (d, J=7.9 Hz, 1H,
C*-H), 2.51~2.57 (m, 1H, C'"-H), 1.50~1.56 (m, 1H,
C°-H,), 1.39~1.47 (m, 4H, C'*-H, C'"°-H,), 1.19~1.25 (m,
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1H, C*-H,), 1.12~1.18 (m, 1H, C'°-Hy), 1.05 (d, J=6.8
Hz, 3H, C"*-H), 0.94 (d, J=6.8 Hz, 3H, C'*-H); *C NMR
(DMSO-d, 150 MHz) 6: 173.1, 172.7, 164.1, 161.2, 136.2,
135.3, 130.4, 123.6, 115.8, 48.1, 44.5, 43.1, 36.4, 33.5,
29.1, 22.4, 224, 182, 16.7; IR (KBr) v: 3241, 2962,
1692, 1593, 1518, 1334, 843 cm ™ '; MS (ESI) m/z: 351.0
(IM—H]"). Anal. caled for C,HyN,O5: C 71.57, H 6.86,
N 7.95; found C 71.36, H 6.88, N 7.98.

4-F5 -3 A 5 IR T - - it s R T IV fe 55 1 Mt
(5n): AMGEE, % 77%. mp. 170~171 C; '"H NMR
(CDCls, 600 MHz) 6: 8.78 (s, 1H, C"*-H), 7.53 (d, J=1.9
Hz, 1H, C¢Hs), 7.16 (dd, J=8.1, 1.8 Hz, 1H, C¢Hj), 6.93
(dd, J=8.1, 1.5 Hz, 1H, C¢Hs), 6.03 (t, J=13.0 Hz, 2H,
C*-H), 5.97 (d, J=8.5 Hz, 1H, C’-H), 3.93 (d, J=3.7 Hz,
3H, OCHj,), 3.03 (d, J=8.1 Hz, 1H, C*-H), 2.62~2.70 (m,
2H, C’-H, C'"-H), 1.50~1.57 (m, 4H, C"“-H, C’-H,),
1.44~1.50 (m, 1H, C'°-H,), 1.34~1.40 (m, 1H, C’-Hy),
127~1.33 (m, 1H, C'"-Hy), 1.13 (d, J=6.8 Hz, 3H,
C"-H), 1.0 (d, J=6.9 Hz, 3H, C"*-H); C NMR (CDCl;,
150 MHz) §: 173.8, 173.3, 162.8, 149.7, 147.0, 136.4,
135.7, 125.5, 114.2, 108.3, 56.1, 48.7, 45.0, 43.9, 37.1,
34.3,29.6,22.9, 22.6, 18.4, 16.8; IR (KBr) v: 3427, 2960,
1768, 1702, 1597, 1514, 1328 cm ™ '; MS (ESI) m/z: 381.0
([M—H] ). Anal. calcd for Cy,HN,O4: C 69.09, H 6.85,
N 7.32; found C 69.27, H 6.83, N 7.34.

4 G DR e -0 T i O S R TG P R T TR (S 0):
AR, P75 % 73%. mp. 181~182 C; 'H NMR
(CDCls, 600 MHz) ¢: 8.62 (s, 1H, C">-H), 7.68 (d, J=9.0
Hz, 2H, C¢H,), 6.65 (d, J=9.0 Hz, 2H, C¢H,), 6.04 (d, J=
8.5 Hz, 1H, C*-H), 5.96 (d, J=8.5 Hz, 1H, C’-H), 3.03 [d,
J=4.3 Hz, 6H, N(CH;),], 3.01 (d, J=8.0 Hz, 1H, C*-H),
2.64~2.71 (m, 1H, C'-H), 2.62 (d, J=8.0 Hz, 1H, C’-H),
1.49~1.55 (m, 4H, C°-H,, C"*-H), 1.43~1.49 (m, 1H,
C'""-H,), 1.32~1.38 (m, 1H, C*-H,), 1.25~1.31 (m, 1H,
C"-Hy), 1.13 (d, J=6.8 Hz, 3H, C"-H), 0.99 (d, J=7.0
Hz, 3H, C'"*-H); °C NMR (CDCl;, 150 MHz) ¢: 173.8,
173.4, 163.6, 152.9, 136.4, 135.6, 130.5, 120.4, 111.3,
48.7, 45.0, 43.9, 40.1, 40.1, 37.1, 34.4, 29.6, 23.0, 22.7,
18.4, 16.9; IR (KBr) v: 3036, 2959, 1769, 1707, 1608,
1589, 1328, 826 cm ™ '; MS (ESI) m/z: 379.5 (IM]"). Anal.
calcd for Cy3HyoN30,: C 72.79, H 7.70, N 10.07; found C
73.01, H 7.73, N 10.03.

2,4- SR IR o i M S SR I Y i SR T T (Sp):
AL, 7% 62%. m.p. 147~149 C; "H NMR (CDCl;,
600 MHz) d: 9.56 (s, 1H, C"*-H), 8.13 (d, J=8.5 Hz, 1H,
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CeH3), 7.42 (d, J=2.0 Hz, 1H, C¢H;), 7.28~7.31 (m, 1H,
C¢Hs), 6.05 (d, J=8.5 Hz, 1H, C*-H), 5.97 (d, J=8.5 Hz,
1H, C’-H), 3.05 (d, J=8.2 Hz, 1H, C*-H), 2.67 (d, J=8.2
Hz, 2H, C°-H), 1.52~1.57 (m, 4H, C°’-H,, C'*-H), 1.45~
1.50 (m, 1H, C'°-H,), 1.34~1.40 (m, 1H, C’-H,), 1.27~
1.33 (m, 1H, C'°-Hy), 1.13 (d, J=6.8 Hz, 3H, C"*-H), 1.01
(d, J=7.0 Hz, 3H, C'>-H); *C NMR (CDCl;, 150 MHz) ¢:
173.6, 173.1, 156.0, 1382, 136.5, 136.4, 135.8, 129.7,
128.9, 127.6, 48.6, 45.0, 43.9, 37.2, 34.3, 29.6, 22.9, 22.6,
18.4, 16.8; IR (KBr) v: 3036, 2960, 1762, 1712, 1584,
1325, 1185, 876, 783 cm '; MS (ESI) m/z: 406.3 ([M+
H]"). Anal. calcd for C,;H,,CILN,0,: C 62.23, H 5.47, N
6.91; found C 62.46, H 5.45, N 6.89.

I H -0 5 055 T R I WV B L VR (Sq): 1 (A A,
FEE 81%. m.p. 96~97 C; '"H NMR (CDCls, 600 MHz)
8:9.02 (s, 1H, C"°-H), 7.80~7.83 (m, 2H, C¢Hs), 7.47 (t,
J=7.4 Hz, 1H, C¢Hs), 7.42 (t, J=7.4 Hz, 2H, C¢Hs), 6.05
(d, J=8.5 Hz, 1H, C*-H), 5.97 (d, J=8.5 Hz, 1H, C’-H),
3.04 (d, J=8.1 Hz, 1H, C*-H), 2.63~2.70 (m, 2H, C*-H,
C'"-H), 1.51~1.56 (m, 4H, C'*-H, C°-H,), 1.44~1.50 (m,
1H, C"°-H,), 1.33~1.39 (m, 1H, C’-Hy), 1.27~1.33 (m,
1H, C'""-Hy), 1.13 (d, J=6.8 Hz, 3H, C"*-H), 1.0 (d, J/=6.8
Hz, 3H, C'*-H); C NMR (CDCl;, 150 MHz) o: 173.6,
173.2, 161.9, 136.5, 135.7, 133.2, 132.0, 128.7, 128.7,
48.6,45.0,43.9,37.1,34.3,29.6,22.9,22.6, 18.4, 16.8; IR
(KBr) v: 3036, 2598, 1772, 1712, 1602, 1572, 1325, 766
ecm'; MS (ESI) m/z: 337.2 ((M~+H]"). Anal. caled for
CyH3N,O,: C 74.97, H 7.19, N 9.33; found C 75.16, H
7.17,N 9.30.

1.5 RELNEMEMIK

R PR 2R L AT T, 2R)5 1 200 mg/L sor-
porl-144 FLALFIRFERL 500 mg/L 253 I 1 mL, i%
NBEFRMLN, RIGIAN 9 mL 82 ikl i lg 45 55 2
(PSA), IR &N 50 mg/L &5 250 K435 7511
BER T LTI E AR 5 mm B0, B T8 2N,
B = B 2200 = BRI DA N2 A0S (6]
HEABT2411) CHRFFANRTE 48 h 5, iFERAL
My R ER, JF S IRALLER, THEARRH] E
KOIETEDRIRR: AD: =90%, B2 70%~90%, C 2%k:
50%~70%, D Z: <50%.

2 #R5HE
21 BWFYINERK

A TAER AR BACK R & 5 a4k N-2
oo b I S ORI G ERR R A, BRI R I
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R F o T it A L SR TR U e B WM. A VR I A AR 1
AR, RN JUANNEE, T H SRR, B
SIRVEMALTG, SOV R Bk, S v b se 4,
RIF=ARD. AR SRR L 4 & 1 ShOoA B, fEJofE
PRI, OS] 1 h, 48 TLC Z0#T, K4 Il ek i
BER N, 7= AT 25%; EMABEAE, &MY 1 h,
28 TLC 43 H7, IAMAHFEIR P S DA S N 5e 4y, WA H1Ja ]
DUWLEE B TC (0B I b AA T Hh, 7736 93%. &50#T, H
JR DS AT BESE 4 1 1) NH ZEAEMRIBE i N R+ b, 1
UE N 5752 21 5 e AHIE N RS R IR i R, 5
N R T LI T 3 AR, X 1175 5 R0V 1
IF N—N gL 845 NH,y, I f3 NH, B 2% R
%, SRARRMEURES, M RE M i VR >
FERRVE AL TS, BT S oC BRI & A, A5 BRIt
IR EAR R, ARG 4 b a3 Pkt SO Bkl 2 2 15
LR A S, BT AR N I TR

2.2 B#EYIRRE

7 IR W, TR FIZE 1768 A1 1704 em ™' 247
H LR G IR AN ERIE C=0O Mg sh (R
WU E 1500~1600 cm ' H LRI S8 4 5 W i e
C=N {H4i4R2h7r 1331 ecm . 7& '"H NMR % & 5Hrh,
ANEFNEAHE ol i id 3 HC=CH, N=CH Ff 54,
ot i M S R AU B EAE 6 5.90~6.10 4b, A
A EINE, BT TER I LB, 2=
IRK, —MAE 6 8.5 7ida; JEMAIEAE 6 7.0~9.0 4,

LRy SUARIEA B O, JLUHJE nl ol v A A 4
. 76 PC NMR BB 4, BIEm AN R AE o
173 74, BB Yh B i N=C #2407
FEAE 0 159 Jik, Wkt 0 136 oA, 3 LRkt
SRS LL 6 130 ZiAa, RIS S DL e, MR
fik— Al /N T+ 6 60.
2.3 HYEMENRER

R 1 [ H0I7E 50 mg/L REE R, BT a-il S M Hook
T TV i FEE BB e A A5 5 B TR 20 T s 0 SR 58 8003 1A
AL TR o A A e BRE 9 B /N 22 AR R B AT AN [
FEFERHIER. P54 Sn (R=3-OCH;-4-OH)%}
TR 2290 W1 AR e i, 0 65.6%, T T
TR C Gy A 11 A o I 1 SRRV R SE I Ak &
WIRE S S S0 B A 28 2 50% A |, Hh b &4
Sn [PHHICR BT, FHEIE 91%, WWHESN A X,
HUSEEY 5q R=H)F 5a (R=2-F), #HIHE55H
80%F1 70%, JiETEZ IS B ey Ab44 Sn % nh %
993 B (AR R R e i, RN 76.7%, 3G B
%, HUGAL S 5q A 5a, FHIRIE K 50%, 15
h C Yy A S0 6 AERE B R IR 5 s e, 4
RN 83.3%, TEMES B g, HKEAY) 5q 1 5a,
PRI 50%, FEHEHANA CH; B o-ii a4k
T IV 55 B A A5 D 5 /N 252 7 8 93 ol A 5 R 4 v
PE, H k&9 Sn F1 Sq BAMEIRCR S, 028
44.5%, WETEGN R D . BAREEH Sn (R=3-OCHs-

R o= R IS I I A 5 D R TR (50 mg/L)
Table 1 Fungicidal activity of a-terpinene-maleimide-based acylhydrazone compounds (50 mg/L)

Inhibition ratio/%

Compd. Fusarium oxysporum f. cucumerinum Physalospora piricola Alternaria solani Cercospora rachidicola Fusarium graminearum

4 26.7 55.0 233 233 27.2

Sa 37.8 70.0 50.0 50.0 37.6

5b 21.1 50.0 233 30.0 20.3

5¢ 21.1 55.0 233 36.7 37.6

5d 0 50.0 233 233 20.3

Se 0 45.0 0 233 34.1

5f 21.1 45.0 0 233 23.8

5¢g 0 45.0 16.7 233 16.9

5h 0 50.0 233 30 20.3

5i 0 45.0 16.7 233 20.3

5j 48.9 65.0 30.0 433 41.0

Sk 37.8 60.0 30.0 433 34.1

51 322 55.0 433 433 30.7
5m 21.1 45.0 16.7 233 30.7

5n 65.6 91.0 76.7 83.3 44.5

50 21.1 45.0 16.7 16.7 20.3

5p 15.6 65.0 16.7 233 27.2

5q 43.3 80.0 50.0 50.0 44.5
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4-OH) % T A7 0o 42993 st 1 350 3% B K o e 1% 400 i) 3
PE, REMTE DRSS EY. MNPCR L,
HTHEY Sn BN EUREELL T-4547, 4-OH &5
3-OCH; H'f#) O JERr 1 NS, It DAL I de e (1)
PG PE.

3 &g

PL o-JRI A JEURL, 28 a-iili i T R R IR N-5 k-
o it el SR I P Jie 55 T A, S R 3 17 AR AR
TE RSB o 905 T R FE B IEL &1, WP ERR
TEEAE, IR Z 3T B B ARr= AT 7 - Hr il
RAE. VLA EENREH, L&Y 5n R=
3-OCH;-4-OH) X} i A7 R At B R 42 95 D v 220 2 B ) A
GFPAENG T, R E A PR S a4

BOE RIS ENNEK R R C R AT RN = e, 1
R
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